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Introduction
Some species, especially generalists, have been increasing recently, but many others are declining (Butchart et al. 2010; Pearce-Higgins et al. 2015) . The declines are worrisome. The causes of these declines are diverse, including invasive species (Bellard et al. 2016) , habitat loss (Gaston et al. 2003; Schipper et al. 2008) , climate change (Parmesan and Yohe 2003; Parmesan 2006; Pearce-Higgins et al. 2015) , and the interactions among these factors (Brook et al. 2008; Mantyka-Pringle et al. 2012) . Although the evidence for adverse effects from climate change is mounting (Pearce-Higgins and Green 2014; Urban 2015) , relatively few studies have documented mechanisms by which species have declined from climate change (Cahill et al. 2013; Ockendon et al. 2014 ). An understanding of mechanisms not only helps evaluate alternative hypotheses for decline but also provides insight into both the dynamics of populations and future impacts (Cahill et al. 2013; Ockendon et al. 2014) . Moreover, such an understanding informs the generality and feasibility of management and mitigation (Ockendon et al. 2014; Pearce-Higgins and Green 2014) .
Below I describe the discovery and natural history of a range-restricted specialist and the evidence for a mechanism by which it is imperiled and unlikely to persist as a species. Like the majority of evidence for declines from climate change (Cahill et al. 2013; Ockendon et al. 2014; Pearce-Higgins and Green 2014) , ours supports causes mediated through trophic interactions. It also suggests a mechanism by which a life-history trait of woody plants, serotiny, might be vulnerable to extreme temperature events to the detriment of the plants and to animals that rely on their canopy seed banks. Serotiny is characterized by the reten-tion of seeds in woody fruits (e.g., Banksia, Eucalyptus, and Protea) or cones (e.g., conifers) until hot temperatures, usually rom a stand-replacing fire, cause the seeds to be shed to the ground, where the conditions and resources postfire are especially favorable for seedling recruitment (Lamont et al. 1991) .
While collecting serotinous cones of Rocky Mountain lodgepole pine (Pinus contorta latifolia) in two isolated mountain ranges in southern Idaho in 1996, I discovered a distinct ecotype of red crossbill (Aves: Loxia curvirostra complex), the South Hills crossbill. Armed with evidence that variation in crossbill beak structure was related to variation in cone structure (fig. 1A, 1B; Newton 1972; Benkman 1993) , my observations in 1996 of distinctive cones in the South Hills provided clues that the crossbill also would be distinct. Indeed, based on the structure of the cones, I was able to predict and then confirm the size of the crossbill's beak when I returned to capture and measure some the next year.
This was a thrilling discovery. First, it proved to illustrate coevolution between crossbills and conifers (Benkman 1999; Benkman et al. 2001 Benkman et al. , 2003 Benkman et al. , 2013 . Second, the South Hills crossbill behaved as a distinct species (Smith and Benkman 2007; Benkman et al. 2009 ). More recently, we have found that it is the most genetically distinct taxon in the North American red crossbill complex (Parchman et al., forthcoming) , further consistent with its recognition as a species (L. sinesciurus; Benkman et al. 2009 ). The discovery of a new bird species in the continental United States neither collected previously nor based on elevating known variation has occurred rarely in the past century or more.
This discovery, however, is bittersweet. In the late 1990s, the South Hills crossbill was common within the 70 km 2 of lodgepole pine forest in the South Hills and Albion Mountains. It was especially common because of the absence of its main competitor for seeds in lodgepole pine cones, the American red squirrel (Tamiasciurus hudsonicus). nately, red squirrels remain absent, unlike in Newfoundland, where they were introduced in 1963, nearly causing the extinction of the Newfoundland crossbill (Loxia curvirostra percna ; Benkman 1989; Parchman and Benkman 2002) . However, following the heat wave during the summer of 2003, which caused human misery, death (Dhainaut et al. 2004) , and declines in bird populations in Europe (Jiguet et al. 2006) , the South Hills crossbill also began declining (Santisteban et al. 2012) . Many animal species worldwide are declining (Butchart et al. 2010; Urban 2015) . With the notable exceptions of Old World vultures (Oaks et al. 2004; Ogada et al. 2015) , bats in eastern North America (Frick et al. 2010) , and a frightening number of frog species (Crawford et al. 2010; Alroy 2015) , relatively few species have been observed declining so precipitously as the South Hills crossbill. It declined by more than 60% between (Santisteban et al. 2012 and by 80% by 2011 (Hart 2013) . Up to 2008, the best predictor of the South Hills crossbill's decline was mean spring temperature (Santisteban et al. 2012) . The higher the temperature, the lower the annual survival, which could account for the decline in the population; other factors such as West Nile virus could be eliminated as a cause of decline (Santisteban et al. 2012) . However, unlike lizards, where there is a plausible mechanism by which higher spring temperatures cause population declines (Sinervo et al. 2010) , it has been difficult to envision a mechanism by which higher spring temperatures adversely affect South Hills crossbills (Santisteban et al. 2012) . We argued that the correlation between spring temperature and annual survival was spurious and that, instead, the lagged effects from hot summer days (≥327C) in the previous 3-5 years were responsible for the decline (Santisteban et al. 2012 ). This fit with the sharp increase in the number of hot days in 2003 ( fig. 2) , and we could envision a plausible mechanism based on the natural history of this system. Below, I provide additional context and discuss the hypothesized mechanism that makes South Hills crossbills vulnerable to an increase in hot summer days. I then evaluate this and alternative mechanisms.
Natural History of the South Hills Crossbill
The South Hills crossbill is one of 10 ecotypes (call types) in the North American red crossbill complex (Groth 1993; Benkman 1999; Irwin 2010) ; each ecotype is adapted for foraging on seeds in the cones of a single species of conifer that reliably holds seeds from fall to spring (Benkman 1993 (Benkman , 2003 Parchman and Benkman 2002) . South Hills crossbills feed virtually exclusively on seeds in lodgepole pine cones (Benkman et al. 2009 , which are available year-round in serotinous cones ( fig. 1 ). Rocky Mountain lodgepole pine trees produce either serotinous cones that remain closed for up to several decades or longer or nonserotinous cones that open and shed their seeds in autumn several weeks after the seeds mature (Koch 1996) . Only about 6% of the seeds in 1-10-year-old serotinous cones are eaten by crossbills because the scales are hard and securely bonded ( fig. 1C ; Benkman et al. 2013) . But as the cones weather, small gaps form between scales that crossbills widen further so that the seeds can be extracted with their tongue (fig. 1A, 1B) . Crossbills rely on seeds in these gradually opening serotinous cones (Smith and Benkman 2007; Benkman et al. 2012) .
Older serotinous cones are especially plentiful in the South Hills because of the absence of red squirrels, which elsewhere are the dominant predispersal seed predator, removing and caching a large fraction of the closed cones (Smith 1970; Elliott 1988) . Because the probability of seed predation by red squirrels is much higher for a seed that remains in a serotinous cone for an extended time period (years) than a seed in a nonserotinous cone that is vulnerable to harvest for the few weeks before the cones open, red squirrels exert strong selection against serotiny (Talluto and Benkman 2014) . On the other hand, increasing frequency of fire favors a higher frequency of serotiny (Enright et al. 1998; Talluto and Benkman 2014) , with the local frequency of serotiny representing a balance of conflicting selection exerted by red squirrels and fire (Talluto and Benkman 2014) . For example, the frequency of serotiny among trees averages about 30% in the presence of red squirrels but around 90% in their absence, as in the South Hills (Benkman and Siepielski 2004) . Consequently, in the absence of red squirrels, more serotinous cones are produced and a higher proportion of them accumulate and weather on the branches, becoming accessible to crossbills ( fig. 1D ). This process of gradual accumulation and weathering apparently results in an almost constant rate of renewal of accessible seeds, especially as annual variation in cone production in the South Hills is small ; masting is no longer an effective or favored defense in the absence of a seed predator such as red squirrels (Fletcher et al. 2010; Summers 2011) . However, the one condition that greatly alters the availability of seeds in serotinous cones is high temperatures. They melt the resins holding the scales together, causing cones to open and release seeds quickly (Koch 1996) . Although seeds in open cones are readily accessible to crossbills, they are an ephemeral resource. Extensive and synchronous cone opening depletes many of the seeds that would have become available more gradually. The possibility of the synchronous opening of cones and release of seeds following a series of hot days (see Nathan et al. 1999; Teste et al. 2011) , especially from cones whose bonds between their scales were already weakened due to weathering and whose seeds would have become accessible to crossbills in the next several months or years, is why we hypothesized that hot summer days were inimical to South Hills crossbills (Santisteban et al. 2012 ). We used a maximum daily temperature threshold of ≥327C in our analyses (Santisteban et al. 2012) , because 327C was near the upper limit of temperatures at the Magic Mountain Snow Telemetry (SNOTEL) site, which is 2.6 km from where most of our mark-andrecapture efforts were conducted, and because the number of cones susceptible to cone opening should be greatest at the highest temperatures (Nathan et al. 1999; Teste et al. 2011) . Temperatures reached or exceeded 327C on 21 days between 2003 and 2015 (fig. 2 ); data underlying figure 2 are deposited in the Dryad Digital Repository: http://dx.doi.org /10.5061/dryad.cm586 (Benkman 2016) . During 14 (twothirds) of these days, the maximum temperature was between 32.07C and 32.87C. Temperatures reached 347C only twice, with a maximum of 35.17C.
This hypothesis for cone opening and crossbill decline deserves further testing because many species are thought to be vulnerable to increasing temperatures (Urban 2015 ), yet mechanistic understanding of population declines related to climate change remains elusive (Cahill et al. 2013; Ockendon et al. 2014; Pearce-Higgins and Green 2014) . Here, I consider further the population dynamics of the South Hills crossbill by including seven additional years of data (2009) (2010) (2011) (2012) (2013) (2014) (2015) beyond our previous study (Santisteban et al. 2012) . I also examine whether temperatures experienced by cones when air temperatures exceed 317C might cause the opening of cones. However, first I consider the impact of increasing tree mortality as a potential cause of crossbill declines.
Conifer mortality has increased in the western United States (van Mantgem et al. 2009 ), and because lodgepole pine is at its warm-edge range margin in the South Hills, it should be especially vulnerable (Reich et al. 2015) . Warm conditions are also favorable for mountain pine beetle (Dendroctonus ponderosae; Bentz et al. 2010) , which between 2003 and 2013 caused massive mortality to lodgepole pine in the Rocky Mountains ( fig. 3A; Carswell 2014) . Pine dieoff in the South Hills could represent the beginning of the projected disappearance within this century of lodgepole pine from the South Hills and Albion Mountains (Coops and Waring 2011) .
Beetle-Kill, and Trophic and Trait-Mediated Indirect Interactions
Although mountain pine beetles have killed numerous lodgepole pine in the South Hills during the past decade (C. W. Benkman, personal observation), the mortality rate appears much less than in many areas in the Rocky Mountains ( fig. 3 ). In 2002 and 2013, several of my students measured the number and diameter at breast height of all lodgepole pine within a 20-m radius at each of 67 locations in the South Hills used for crossbill surveys. From these data, I estimated the basal area (m 2 of stem at breast height/m 2 of area) at each location for both years to determine whether there had been a decline in the volume of lodgepole pine ( fig. 4) , which should reflect the overall level of cone production as cones are produced at the tips of branches; data underlying figure 4 are deposited in the Dryad Digital Repository: http://dx.doi.org/10.5061/dryad.cm586 (Benkman 2016) . Although there were considerable differences between the two years at many of the locations ( fig. 4) This raises the question of why more pine did not die from mountain pine beetles, especially as the South Hills is on the border of the Great Basin Desert, with abiotic conditions highly favorable to mountain pine beetle outbreaks (Bentz et al. 2010) . I believe the answer is related to the absence of red squirrels and their cascading effects. Red squirrels both directly and indirectly depress the densities of insectivorous birds. First, red squirrels are a dominant nest predator in Rocky Mountain conifer forests (Tewksbury et al. 1998) , and in their absence, the density of aboveground open-cup nesting birds averages more than twice as high as in ranges with red squirrels (Siepielski 2006) . These birds include warblers, tanagers, and flycatchers, all of which could prey on mountain pine beetles moving on and between trees. Second, hairy woodpeckers (Picoides villosus)-which are cavity nesters and an important predator on pine beetles when they are on the bark and burrowing in the tree (Fayt et al. 2005 )-are about five times more abundant in the South Hills than in lodgepole pine forests with red squirrels (Benkman et al. 2013) . Hairy woodpeckers forage on seeds in lodgepole pine cones and prefer the same cone traits that red squirrels prefer (especially more seeds per unit cone mass). Thus, with the relaxation of defenses directed at red squirrels as in the South Hills, hairy woodpeckers increase in abundance (a traitmediated indirect effect; Benkman et al. 2013) . Overall, higher levels of beetle predation by the various insectivorous birds could limit mountain pine beetle outbreaks in the South Hills. Such a hypothesis is consistent with studies showing that increases in insectivorous birds result in decreases in herbivory (e.g., Marquis and Whelan 1994; Mäntylä et al. 2011) and with studies suggestive of the potential for relatively high densities of woodpeckers to prevent beetle epidemics (Fayt et al. 2005) .
Recent Population Changes and Their
Relationship to Temperature (Benkman 2016 ). An analysis of the annual change in crossbill population size (i.e., annual change in estimated densities; because area is fixed) in relation to the number of hot days in the previous 4 years indicates that crossbills declined when there were 13 hot days but increased when there were !3 hot days ( fig. 6 ). The relationships between population change and the number of hot days in the previous 3 or 5 years were less strong (r 2 ! :75) than that for the previous 4 years (r 2 p :87, P ! :0001). In an earlier analysis including data up to 2008, the best predictor of declines in annual adult survival-which, using a simple demographic model, could account for the decline in crossbill density-was mean spring temperature (March-May; Santisteban et al. 2012) . In a subsequent analysis including data up to 2012, the best predictor was mean annual temperature (July-June; Hart 2013). Now neither spring nor annual temperature was correlated with the annual change in population size (pairwise correlations: r ! :14, P 1 :70). Earlier we reported an annual decline in cone production from 1991 to 2007 and could not rule out its contribution to crossbill declines up to 2008 (Santisteban et al. 2012) . However, with a more accurate estimate of annual cone production (Hart 2013) , no trend in annual cone production was detected between 1997 and 2011 ( fig. 7 ; correlation between mean number of cones and year: r p :33, n p 15, P p :22), indicating that there has not been a decline in cone production and that variation in annual cone production cannot account for the variation in crossbill density. Data underlying figure 7 are deposited in the Dryad Digital Repository: http://dx.doi.org/10.5061/dryad.cm586 (Benkman 2016) .
One interpretation of the results ( fig. 6 ) is that the cumulative effect of four or more hot days during one summer (2003, 2006, or 2007; fig. 2 ) caused approximately 20% of the seeds that would normally become accessible over the next 4 years to be shed. This could cause the 20% annual decline in crossbills during the following 4 years ( fig. 6 ) and suggests that repeated exposure to temperatures at or just above 327C (one day reached 347C, and one day reached 357C since 2003) was critical. The necessity of multiple hot summer days perhaps reflects the importance of an increasing duration of high temperatures for cone opening when near the cone-opening-temperature threshold (Alexander and Cruz 2012) . Consecutive days of hot temperatures might be especially effective in causing cone opening: temperatures of ≥327C occurred in two bouts of 2 and one bout of 3 consecutive days direct sunlight experience such temperatures when air temperatures exceed only 317C is unknown. Consequently, I evaluated whether cone-opening temperatures of lodgepole pine cones from the South Hills might overlap the surface temperatures of cones when air temperatures exceed 317C (temperature recorded at the Magic Mountain SNOTEL site). The temperature at which cone scales begin to open was measured for 1-10-year-old cones (2-3 cones from each age class for a total of 28-30 cones per tree) from 30 trees and 15-20 year-old cones from 32 trees (two cones from 1 tree, three cones from 31 trees) in a digital drying oven (myTemp Mini Digital Incubators, model H2200-H, Benchmark Scientific, Edison, NJ). The oven temperature was set at 407C, and after the temperature remained at 407C for 20 min, the temperature was raised 27C and allowed to stabilize at that temperature for 10 min. This was repeated for each 27C incremental rise in temperature until all the cones had opened or the temperature reached 607C, the maximum temperature for the oven. Cones were viewed through a window in the oven so that the temperature at which a cone began to open could be recorded. For the few cones that did not open (9 out of 897 cones from the 1-10-year-old cones [an average of 0.3 of the 29.9 cones per tree]; all 15-20-year-old cones opened), a 627C cone-opening temperature was recorded for them. I used the mean temperature at which the cones began to open as the tree's cone-opening temperature. Between June 9 and 18, 2015, I recorded the maximum surface temperature of cones in direct sunlight at approximately 1.5-2 m aboveground on one lodgepole pine tree (42710 0 03.62 00 N, 114715 0 53.17 00 W; elevation 2,112 m) in the South Hills using a FLIR420 thermal-imaging camera ( fig. 8) . During each time period, I recorded the maximum temperature on the surface of 10 haphazardly chosen cones and compared these temperatures to the respective air temperature recorded every half hour 2.6 km away at the Magic Mountain SNOTEL site. These data are plotted in figure 9 along with the mean cone-opening temperatures for 62 trees. Cone temperatures increased with increases in air temperature up to 257C and then decreased ( fig. 9 ; the quadratic term to a quadratic regression fit to the data was not significant: P p :092; data underlying fig. 9 are deposited in the Dryad Digital Repository: http://dx.doi.org/10.5061/dryad.cm586 [Benkman 2016] ). The decline at higher temperatures was probably the result of wind during these measurements causing turbulence over the cones. Wind tends to occur during warmer afternoons, although during some of the hot days in, for example, 2003, there was very little wind (C. W. Benkman, personal observation). However, I note that the maximum cone surface temperatures were limited to a small fraction of the cone surface ( fig. 8) , and only some cones will experience direct sunlight during the hottest times of the day. Nevertheless, the results suggest the potential for an increasing overlap between cone temperatures and cone-opening temperatures as air temperatures increase ( fig. 9 ). Such an overlap might be sufficient to cause cone scales to open when ambient temperatures exceed 317C, especially for cones that are weathered and already prone to open, thereby depleting a fraction of the seeds that would likely become accessible to crossbills over the next several years. That crossbill declines only followed summers with four or more hot days implies that the cumulative impact of multiple hot days is critical.
Concluding Comments
Climate change will cause large changes in the abundances and distributions of species (Parmesan 2006) , and many will decline and ultimately go extinct (Pearce-Higgins and Green 2014; Urban 2015) . Especially problematic are those species like the South Hills crossbill that are specialized on a single food resource restricted to a small amount of habitat (∼70 km 2 ) atop isolated mountains and, consequently, unable to track climate changes (Parmesan 2006; Dirnböck et al. 2011; Santisteban et al. 2012; Payne and Bro-Jørgensen 2016). Lodgepole pine is projected to disappear not only from the South Hills and Albion Mountains but also from extensive areas to the north and east by the end of this century (Coops and Waring 2011) . South Hills crossbills cannot move north and survive. There, red squirrels occupy lodgepole pine forests where a smaller-beaked crossbill is more efficient (Benkman et al. 2001; Benkman 2003) .
While lodgepole pine persists in the South Hills, it is conceivable that evolution by either crossbills or pine could reduce the extent of food limitation experienced by crossbills following hot summer days. For example, larger beak sizes might improve access to seeds in more closed and betterdefended cones that are now avoided; crossbills consume only 6% of the seeds in 1-10-year-old serotinous cones (Benkman et al. 2013) . Larger beaked crossbills are found in, for example, Mexico (Loxia curvirostra stricklandi) and Europe (e.g., Loxia pytyopsittacus), so that a genetic constraint is unlikely to prevent the evolution of larger beaks.
However, larger beaks are associated with larger bodies and greater energy requirements (Benkman 1991) . Presumably, the limited accessibility of seeds in tightly closed cones even for large-beaked crossbills-plus their associated greater daily energy demands-prevents the evolution of larger beaks in the South Hills.
Alternatively, seed availability in the canopy seed bank could increase if selection favored trees that produce cones that remained closed during the hottest summer days. Such selection is likely because seedling recruitment should be higher following a stand-replacing fire that frees up resources than after a summer with multiple hot days (Koch 1996; Kolb and Robberecht 1996; Enright et al. 2015) . Indeed, a potential management option to facilitate this evolution-and thereby benefit both the pines and crossbills-is to reforest using seeds from trees whose cones have the highest opening temperatures ( fig. 9 ), assuming cone-opening temperature is heritable. This strategy would be more effective if reforestation was focused on sites having the coldest summer temperatures (e.g., north-facing slopes) within the South Hills and Albion Mountains. Such a choice of sites is analogous to the recommended conservation strategy of protecting the most climatically favorable or resilient habitats (e.g., Pearce-Higgins and Green 2014; Maron et al. 2015) . This reforestation strategy alone, however, is unlikely to prevent the South Hills crossbill from going extinct. As mentioned earlier, lodgepole pine is projected to disappear from the South Hills and Albion Mountains as well as from extensive areas to the north and east by the end of this century (Coops and Waring 2011) . Climate change is also expected to result in more frequent fires in the region of the South Hills (Westerling et al. 2011 ) and a greater potential for very large fires (Barbero et al. 2015) , which would be devastating to the crossbills if a large fraction of the pine forests were to burn at once. Decreasing fire intervals will limit the time over which a canopy seed bank accumulates, thus further reducing both the number of seeds in the canopy seed bank and recruitment following fire (Brown and Johnstone 2012; Enright et al. 2015) . Moreover, a dramatic decrease in fire intervals is likely to be sufficient to favor plants other than lodgepole pine (Johnstone and Chapin 2006; Westerling et al. 2011 ). Such adverse consequences will not be limited to lodgepole pine and crossbills in the South Hills. Serotiny is a common life-history trait of woody plants in Australia, South Africa, and North America (Lamont et al. 1991) , and climate change is likely to be unfavorable for the recruitment of many serotinous plants (Enright et al. 2015) and to the various seed predators including other taxa of crossbills and the many Australian parrots that rely on seeds in serotinous fruits (Joseph 1986; Low 2014 ).
An earlier release of seeds might also be partly responsible for the 3.7% annual decline in red crossbills throughout the Northern Rocky Mountain region between 1966 and 2012 (Sauer et al. 2014) . Crossbill specialization and evolution are sensitive to the phenology of seed retention, as crossbills rely on conifers that retain seeds in cones through winter and into spring (Benkman 1993) . Thus, increases in temperature that would cause cones (e.g., nonserotinous Douglas fir Pseudotsuga menziesii and ponderosa pine Pseudotsuga ponderosa) to open further and more rapidly shed seeds (Krugman and Jenkinson 1974) would be inimical to crossbills. Consistent with a decline in seed resources in late winter and spring, red crossbills are coming to bird feeders (number of crossbills day 21 feeder 21 ) during this time period in the Rocky Mountain region at an accelerating rate, with a greater than 20-fold increase between 1988 and 2010 (data from the Cornell Laboratory of Ornithology's Project FeederWatch). This increase of crossbills at feeders occurred in spite of a concurrent decrease in the crossbill population as assessed along survey routes (Sauer et al. 2014 ).
More generally, our study adds to mounting evidence that adverse effects of climate change are mostly indirect and mediated through trophic interactions (Cahill et al. 2013; Ockendon et al. 2014) and that the interaction of greatest importance, at least for birds, is from reduced food availability (Pearce-Higgins and Green 2014). An additional example where hot temperatures cause a subsequent decline in the abundance and availability of a key food resource is the Eurasian golden plover (Pluvialis apricaria; Pearce-Higgins et al. 2010 ). Critical to plover reproductive success is the emergence of adult craneflies (Diptera: Tipulidae) in May and early June. During this period, warm temperatures are advantageous for the emergence of the craneflies and to breeding plovers. However, higher temperatures in August depress survival of early larval instars of cranefly in the soil and thereby depress the abundance of adults emerging the next year, causing a decline in the plover population (PearceHiggins et al. 2010 ). In the case of the plover, hot Augusts cause a decline in the abundance of a key food resource, whereas in the South Hills crossbill, hot days in late July and August do not alter the abundance of seeds produced but rather the phenology of seed release. This altered timing of the release of seeds could be considered an example of climate change causing a phenological mismatch (Both and Visser 2001) . Phenological mismatches include shifts in resource phenology such as fruiting in plants (Butt et al. 2015) or the timing of peak abundance of arthropods (Both et al. 2006 ) that result in mismatches in the availability of resources relative to demand by their consumers. In the case of serotiny, the shift in phenology will likely adversely affect plant recruitment, thus further contributing to the collapse of the consumer populations. Unfortunately, evolution in longlived woody plants in response to climate change that would lessen the impact on their recruitment and on their seed consumers might not be rapid enough to prevent large declines and extinctions.
Finally, that a bird species like the South Hills crossbill can be missed for so long in the well-explored continental United States-and could have gone extinct without notice-further indicates that we underappreciate the diversity that might have or will go extinct in the near future (Ceballos and Ehrlich 2009) . Much as Aldo Leopold (1949) lamented in A Sand County Almanac, the accrual of knowledge is ever more bittersweet.
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